A 2 H, 13 C, 15 N labelled sample of the SH3 domain of chicken α-spectrin was produced by recombinant protein expression. The protein was purified and micro-crystallized as described previously.
: Pulse schemes. A) and B) H/N-correlations based on CP and INEPT magnetization transfer, respectively, used for Figure 1 in the main manuscript and Figure S1 . Open and closed bars refer to 180° and 90° pulses, respectively. Water suppression was performed using four successive 15 ms/10 kHz purge pulses 5 in A) and a 1 ms purge pulse at 55 kHz in B) (pulses with reduced height). C) R 2 measurement. Using a ST2-PT building block, 6 N -H α/β coherences are transferred into observable H -magnetization without mixing of spin-states. For spin state discrimination, a 2-step phase cycle (x, y) was applied to the first 15 N 90° pulse, requiring the receiver to follow in the opposite sense (x, -y). The scheme is adapted from Pervushin et al. 7, 6 and is employed as well for the spin-state selective experiment yielding the spectrum shown in Supplementary Figure 5 (red contours). For swapping the selected coherence in the direct dimension from H -N α to H -N β , the phase of the 15 N pulse labelled with an asterisk is shifted by 180°. For swapping between N -H α and N -H β in the indirect dimension, the 1 H pulse labelled with an asterisk must be inverted. 8 Δ was set to 8 µs, 1 ms, 2 ms, 5 ms, 15 ms, 40 ms, 70 ms, respectively. D) Pulse scheme employed for the S3 H/N-correlation without spin-state selection (black) in Supplementary Figure 5 . The delays Δ mimics the delay required for the evolution of 1 J N,C scalar couplings during which relaxation can occur. E), F) HNCO and HNCO-TROSY pulse schemes used for the experiment represented in Figure 3 of the main manuscript, adapted from Grziesek et al. 9 , and Yang and Kay. 10 Open and closed bars represent 180° and 90° pulses, respectively. The open pulse with reduced height represents a 1 ms purge pulse for water suppression. τ and T were set to 2.17 and 12 ms, respectively. δ 1 and δ 2 represent the delays T/2-t 2 /4 and T/2+t 2 /4, respectively. For phase sensitivity in the indirect dimension, φ 1 and φ 2 were incremented according to TPPI. For phase sensitivity in the indirect 15 N dimension in the TROSY experiment, ψ was incremented in a clockwise/anticlockwise sense in steps of 90° in subsequent FIDs with the receiver following in the same/opposite sense using echo/antiecho detection. Selective 13 C pulses were applied using soft rectangular pulses on-resonance, and G3 shaped pulses 11 offresonance. Exchange of pulses on the 13 CO and the 13 C α channel generates the HNCA experiment. Waltz-16 was used (ω rf = 2 kHz) for heteronuclear scalar decoupling. Figure 3A and B for pulse schemes). For quantitative comparison, 1D cross-sections along the proton dimension (as indicated in the 2D by dashed lines) are represented at the bottom of the figure (for Q16, D62). Depending on the temperature, spin-state selection results in better sensitivity for mobile residues like D62. The factors indicated in the figures reflect the ratio of intensities between spin-state selective and standard experiment. The indicated temperatures refer to the effective temperatures in the sample, which are ~20 °C higher than the nominal temperatures due to MAS. TROSY peaks are shifted by J NH /2 in both dimensions. Spectra were obtained using a deuterated sample which was prepared using 10 % H 2 O in the crystallization buffer. The MAS frequency was set to 24 kHz at a 1 H Larmor frequency of 400 MHz. Although the overall performance of the spin-state selective experiments is worse due to scarification of part of the magnetisation and an increased number of pulses, mobile residues slightly gain in intensity using TROSY experiments in the double resonance experiments. The effect is severe, however, if triple-resonance experiments are considered. A) Residue specific signal-to-noise ratio of an HSQC (black squares) and a TROSY experiment (white circles). Both spectra were acquired recording 250 complex points (corresponding to a t 1 max = 65 ms), applying the same acquisition and processing parameters for both experiments. For apodization in the direct dimension, 5 Hz exponential linebroadening was applied. B) Residue specific signal-to-noise ratio of an HNCO (black squares) and a TROSY-HNCO (white circles). The experiments were recorded as 2Ds (H/N) without evolution of the 13 C dimension. Both experiments were recorded and processed using identical parameters (70 complex points in t 1 , corresponding to t 1 max = 22 ms). In the direct dimension, the data were folded with an exponential function, applying line broadening of 30 Hz. In the indirect dimension, gaussian multiplication was used employing a line broadening of -10 Hz and a shift of 0.1. All spectra were recorded within 2 h on a 700 MHz spectrometer, adjusting the effective temperature to 22 °C and the MAS frequency to 24 kHz. The employed pulse schemes are depicted in Figure S3 E) and F). We recorded non-spin state selective H/N-correlation experiments at set temperatures of -16 °C (blue), 2 °C (black), and 20 °C (red). The effective temperatures are 4 °C, 22 °C, and 42 °C due to sample rotation induced heating. 3 Resonances which yield higher intensities at either elevated or lower temperatures are highlighted by grey rectangles. The employed pulse scheme is depicted in Figure S3 B).The best signal to noise ratio for the problematic residues is obtained at moderate temperatures. All spectra were recorded, processed and plotted using identical parameters. Figure 2B in the main manuscript. The peak intensities were extracted from the spectra shown in Supplementary Figure S1 , see there for experimental details. The subscript sc refers to side chain amides. Figure 3B in the main manuscript, were measured using the pulse sequence depicted in Supplementary Figure 1C . For the acquisition of raw data, 7 data sets with a delay Δ between 0 and 70 ms were recorded for each temperature and each spin state, employing 200 complex points (50 ms t 1max ) in the indirect dimension. Each spectrum was recorded within 1 h. Data evaluation was performed with Sparky 4 and Origin 12 using fit functions of exponential decay. Δ denotes the error of this fit. Apodization was done by gaussian multiplication employing 10 Hz line broadening and a shift of the bell by 0.1 for the indirect dimension and 10 Hz exponential multiplication for the direct 1 H dimension. The employed sample contained 25 % 1 H in exchangeable sites and 75 mM Cu(edta). The spectra were recorded at 700 MHz 1 H Larmor frequency and 24 kHz MAS. Sample temperatures given in the first line take frictional heating by MAS into account.
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